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FOREVWORD

Dr 8gren Ludvig Tuxen died snddenly on 15 June 1983, Born in Copenhagen on
8 August 1908, he graduaied from the University of Copenhagen in 1933, and
received his doctoral degree in 1944 for a thesis about the hot springs of Iceland
and their fauna. His mam field of research has been the apterygote insects, in par-
ticular the Protura, as evidenced by the list of references in this contribution. He
was craployed at the Zoological Muscum, Copenhagen, between 1933 and his retire-
ment in 1978 (from 1958 to 1978 as Kceeper of Entomology), and had continued
his work at the muscum up until his death.

The manuscript on Protura for Fauna of New Zealand was almost ready for
submission at the time of Dr Tuxen’s death; the text was written, and pencil draw
ings were made, It fell to me to see to the completion of this important contribution
to proturology. Dr Tuxen’s drawings werce inked by Mr Robert Niclsen, and the
very extensive labelling was done by Mrs Hanne Jacobsen. Dr G. Tmadaté, of Tokyo,
took upon himseif the substantial task of reviewing the completed manuscript and
drawings, and furthermore provided diagnoses of supraspecific taxa other than the
genera described as new. I want to express my gratitude to these persons, without
whose help it would not have been possible to publish this work. The list of refer-
ences and the figure captions were prepared by me. The publication of this work
was supported by a grant, J.nr, 91-3068, from the Danish Natural Scicnce Research
Council,

It was Dr Tuxen’s explicit wish that the illustrations be placed with the species
descriptions to which they relate, contrary to the conventions adopted in the Fauna
af New Zealand. 1 am grateful to the Series Editor for his willingness to accept this
deviation,

HENRIK ENGHOFF
Chairman, Department of Entomology
Zoological Museum, University of Copenhagen



ABSTRACT

Sixieen specics of Protura in ten genera arc recognised from New Zealand, of which
seven species and (wo gencra are new to science. Fifteen species are fully described
and illustrated; the sixteenth, known from a single immature specimen, is of inde-
terminate identity, Keys are given to the families of Protura and 1o the specics
known [rom New Zealand. The morphology and diagnostic characters of proturans
are reviewed in some detail, and illustrated with scanning electron micrographs, as
a further aid 10 identification. The known distribution of the species recorded here,
and their systematic affinities, suggeslt 2 Gondwana origin for all but a few that are
clearly recent inireductions from Europe. Brief mention is made of the history of
study of Protura in New Zealand, their life cycle and biology, and techniques used
in their collection, preparation, and study.
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INTRODUCTION

Before this study was undertaken, only very little
was known aboul ihe proturan fauna of New
Zealand. R, T Tillyard (1925) was the first 1o men-
tion the group in a New Zealand journal, He made
a curious error, however, confounding Genova
(Genoa} in Italy with Guinea in West Africa, even
to mentioning the specics Acerentomon doderoi Sil-
vestri under the name guitieense, which later causcd
some confusion. He supposed the Pretura 1o be
present in New Zcaland, perhaps existing as espe-
cially large forms, but did not mention any findings.

The next author to refer to New Zealand Protura
was (3. H. Satchell (1952), who in a short note
mentioned that B. J. Marples had collected in the
Otago Muscum garden some ten specimens belong-
ing to the family Acerentomidae. I have not been
able to locate these specimcens. In the same year B.
Cond¢ described Fosentomon dawsoni from Little
Barrier Island, on the basis of one female and one



juvenile specimen. They were redescribed by Tuxen
{1964, p. 123}, and were studied again for this
contribution.

Finally, H. Pauline McColl (1973) mcntioned
thirteen specimens from Kaitoke, near Wellington,
but T have not been able 1o locate these either.

The present survey is based on a large holding
of material in the New Zealand Arthropod Collec-
tion, Auckland; on twenty-nine specimens from the
National Muscum of New Zealand, Wellingion; and
on forty-two slides from the Department of Ento-
mology. Lincoln College, Canterbury.

SYSTEMATICS AND PHYLOGENY

Protura are very small creatures, from less than 0.5
mm to 2 mm in length, white and softly sclerotised
or harder and with a yellow tini, especially towards
ibe hind end. Exceplionally they may be sirongly
sclerotised and red-brown in colour {Sinentomon
from China, Korea, and Japan). The body is divided
into threc tagmata: a head with cntognathous
mouthparts, bul without aniennae or eycs; a three-
segmented thorax with walking legs; and a twelve-
segmented abdomen with rudimentary limb-
appendages on the first three segments. This
arangement of lagmata — head, three-segmented
thorax, and abdomen of cleven or twelve segmenis
— is characteristic of insects.

The lack of antennae has “caused™ the forelegs
to take over their sensory function, and they are
furnished with sensory hairs (sensillac) the shape,
number, and arrangement of which are of great sys-
tematic importance, On the supposed position of
the c¢yes some organs called pscudoculi are situ-
ated; these may be homoiogous with the postan-
tennal organs of Collembola and some Diplura.
Spiracles are present on the mesothorax and meta-
thorax in Eosentomaidea and Sinentormon, but the
tracheae originating from each spiracle do not unite.
The abdomen’s full complement of eleven sep-
ments and a telson is not attained until maturation,
a phenomenon {(anamorphosis) that is cxceptienal
among insects though usual in the myriapods. The
external genitalia open behind the eleventh seg-
ment in both sexes, and are characteristically
shaped. The spermatozoa are different from any
other insect spermatozoon and very different in the
two suborders of Protura {Baccetti et ¢f. 1973).

The basic systematics of the group proposed by
Tuxen (1964} is still that on which new additions
are based. It is apparent in the key to suborders
and families given on page 15.

Whether or not Protura are insects has long been,
and is still, a subject of contention. In naming and
crecting the order in 1907 Silvestri was of the opin-

lon that they are insects, but in his admirable mon-
ograph of 1909 Berlese gave them the name
Myrientomata, tbhus stressing their aflinity to
myriapods. The most recent view (and, inciden-
tally, my own) is 1o regard them as a sister-group
1o Collembola within the subclass Entognaiha
(Hennig 1981); this in turn is a sister-group to
Ectognatha, which comprises the Archacognatha,
Zygentoma (formerly Thysanura), and Pterygola
{Tuxen 1930). As a sister-group to Collembola,
which are known as fossils (Rhyniella) from
Devonian strata, the Protura must be of the same
antiquity at least. This fact I have used in my inter-
prelation of their zoogeography {Tuxen 1973a).

ZG0OGEQOGRAPHY

The zoogeographical considerations just men-
tioned {Tuxen 1978a) were based on the theory of
continental drift in its more recent guisc of plate
tectonic theory. 1 took the distribution of Defa-
marentufus tristani (Silvestri) in northern South
America and western Africa, but nowhere else, as
a starting point and based my conclusions as 1o the
distnbution of Protura on three suppositions.

(1) That the Protura are of early Devonian origin,
This is supported by the phylogenetic placcment of
Protura as a sister-group to Collembola, and Col-
lembola {the genus Rhyniella) being known as
Devonian fossils from the Old Red Sandstone of
Scotland.

(2) That the evolution in time of the Prolura has
been a very slow process. This is corroborated by
the distribution of D. tristani {and of Brasifent-
1#fus). since the parts of Brazil and West Africa
where it is found wore divided by the South Atlan-
tic 100 million ycars ago and it is still the same
species on both continents.

(3) That the distribution in space of the Protura
has been a very slow process. This, 100, is corrob-
orated by the distribution of 1. tristani, which from
its presumed origins has spread only aleng the Gulf
of Guinea in Africa and only to Pernambuco, Ama-
zonas, and Colombia in South America (where it
may have been clevated from lowland rainforest to
3500 m in the Andes during the uplift of these
mountains in the last 15 million years). The means
of dispersal of Protura arc limited because these
inscets are very vulnerable 1o salt water and sus-
ceptible to desiccation.

The place of origin of the Protura is not known
— probably in a moist and warm climate, since
they are not known in arctic or antarclic countries.
Bul that is not of decisive importance here; it 1is
their presence in New Zealand that matters, My
understanding of this I draw from the most inspir-
ing and comprehensively illustrated book New



Fignre 1. In the early middle Cretaceous (110-90 mil-
lion vears ago) the southerm landmasses were closely
grouped in conl-temperale latitudes, cnabling the south-
crn beeches (Nothofagus spp.) and other plants and ani-
mals to migrate and achieve a wide distribuiion. The
reconstruction depicied here is a generalised one denved
from paleomagnetic studics. Reproduced, with permis-
sion, from Stevens (1950).

Zealand Adrift, by Gracme Stevens (1980). The
association and separation of landmasses used to
cxplain present-day biogeography are based on the
supposition of an expanding earth, as sct out by
Owen {1976, 1981), from a diameter in the early
Jurassic of 80% of its present value. This theory
has the drawback that nobody knows why the earth
should expand, but it helps to understand some
problems of distribution.

What is now New Zealand originated at the out-
skirts of Gondwana. Sediments from Australia and
Victoria Land. Antarctica, founded the WNew
Zealand Geosyncline, which collided along an
earlier subduction zone with continental sediments
from Marie Byrd Land, giving rise to the Rangitata
Orogeny in the late Jurassic and early Cretaceous,
140-110 million years ago. New Zealand thus
became a big land mass connected to other parts
of Gondwana, and could receive plant and animal
immigrants from these sourccs (Figure ). It is sup-
posed that masses, kiwis, podocarps, and Notho-
Sfagus immigrated to New Zealand at this time, and
Protura may have come the same way. The posi-
tien of the subduction zone is still visible; it is
characterised by ophiolites, as in the Dun Moun-

tain Ophiolite Belt along the west coast of both
main islands. Eighty million vears ago, howcver,
in the late Cretacecus, the Tasman Sca between
New Zealand and Australia began opening up, iso-
lating New Zcaland from the rest of Gondwana.
This coatinued for 20 million years, Fifty-five mil-
lion years ago the Southern Ocean began opening
up between Australia and Antarctica. At this time
the South Atlantic had long been in existence, Africa
had left Antarctica, and India had started its jour-
ney towards Laurasia. The Southern Ocean is still
opening up, and New Zealand is placed at the
boundary between the Indo-Australian tectonic
plate and the Pacific plate. The visible expression
of this transform fault is the Alpine Fault.

In Ccnozoic time, ie., for the last 65 million
years, New Zealand has sometimes been partly
under water, and at other times {c.g.. during suc-
cessive glaciations) has occupied a greater land mass
than now. Never was it completely inundated, so
survival possibilities for its fauna and flora must
always have been present.

A biotic connection across Gondwana from South
America via Africa (sce Tuxen 1978a), Antarctica,
and Australia to New Zealand was thus open at the
end of the Jurassic and in the Cretaceous. Such 2
connection stopped at the beginning of the Ter-
tiary, say 60 million years age, after which time
New Zealand'’s fauna took its own course — inso-
far as it took any course, Now, how does this equate
with the known distribution within and outside
New Zealand of the proturan species known from
this country?

If we leave oul of consideration th& unfortu-
nately indefinable specimen of Australentuius {p.
34), fourteen species are here recognised from New
Zealand, Of these, cight arc new 1o science, bul it
is possible to draw conclusions from their system-
atic relationships. Besides the new species, one more
species is endemic to New Zealand. The five spe-
cies known also from outside New Zealand are:
Fosentomon wygodzinskyi Bonet — known from
the Seychelles, Pacific Islands, and Brazil. This is
a finc Gondwana distribution.

Proturentomon minimum (Berlese) — known only
from Europe; must certainly be an introduced spe-
cies. In New Zealand found only at Parkes’ Farm
{NN} on several occasions.

Gracilentulus  gracilis (Berlese) — dcecidedly a
European species;, probably introduced to the
recorded localities in Scouth Africa, Australia, amd
New Zealand, though the single New Zealand

record is from Little Barrier lsland, habitat
unknowrn,
Kenyentulus kenyanus (Condé) — known from

Kenya, the Seychelles, southern India, Brazil,



Puerto Rico, and Bermuda. A decidedly Gond-
wana distribution, with migration to the Caribbean
Tslands.

RBerberentufus nelsori Tuxen — southern Brazil; in
New Zealand, the Kermadec Islands and Pigeon
Valley (NN). Decidedly Gondwana. Exactly the
same distribution pattern is shown by Acerentulus
kermadecensis Ramsay & Tuxen, which has clear
affinitics with the Argentinian species A. nemoralis
Naji & Vidal.

Leaving apart the two probably introduced spe-
cies, a Gondwana character is evident in the dis-
iribution of all the specics known outside New
Zealand. Now for the affinities of the endemic
species:

Eoseniomon dawsoni Condé and F. zelandicum
n.sp. — closely related to £. qustralicum Womers-
ley, which is known from Australia and, fairly
commonly, from North America (Michigan; E, C.

Bernard).

Fosentomon mdcroryx n.sp., E. maximum n.sp.,
E. gracile nsp. — no close relationship can be
established.

Yinentulus paedocephalus n.sp. no clear
relationship.

Amphientulus zelandicus n.sp. and Tasmanentulus
intermedius n.sp. — distinct relationships to
Gondwana specics, Tasmaneniufus embracing two
other species from Australia and Amphienfulus six
from Australia (one of them recently found in the
Andes; Tuxen 1984), a doubtful one from North
Korea, and onc from Madagascar.

Thus, if we disregard the two species probably
introduced by man, the New Zealand fauna of Pro-
tura is distinctly Gondwana in character with con-
nections to the Pacific islands {Solomon Tslands,
Vanuatu), Australia, southern India, the Seychelies,
Madagascar, East Africa, and South America. This
means that the species have arrived at the present
New Zealand before the opening of the Tasman
Sea 80 million years ago, and in al! probability in
the late Jurassic after the Rangitata Orogeny, when
the present New Zealand formed part of a greater
land mass connected to the rest of Gondwana.

As to distribution within New Zcaland, the rec-
ords of most species are too scattered to allow of
any conclusions. Only two species are sufficiently
commeon to give hints, viz Amphientulus zelandi-
cus and Tasmanentulus intermedius. Both are
known from many localities (see Material Exam-
ined, pp. 37 and 40), but whereas Amphientulus is
found both on the North Island and the northemn
South Island, Tasmanentufus is found only on the
South Island, but widely scattered. The two genera
are very closely related, and in a few localities have
been found together. It might be tempting o sup-
pose the immigration of both species via the South

Island, with Amphientulus the carliest. Ceriainly a
connection between present distributions and the
changing inundation of the islands is more ditficult
1o envisage.

MORPHOLOGY
AND DIAGNOQSTIC CHARACTERS

Figures 2-13 are scanning electron micrographs that
show whole animals and impertant characters of
Amphientulus zelandicus and abdominal tergite VIIT
of Gracilentufus gracilis. So as not to spoil the
micrographs with labelling I have drawn a speci-
men in dorsal and ventral aspect (Figures 14 and
15) and marked the characters on them, Cther
characters are shown in more detail and at greater
magnification in the taxonomic drawings (Figures
22-165).

The three tagmata — head, thorax, and abdo-
men — are easily distinguished. On the head the
following characters are diagnostically important.

The pseudoculi (ps) are probably homologous
with the postantennal organ in Collembola. They
may be round or oval, with or without structures,
or with a small or bigger “lever™ posteriorly. The
length of the head behind the rostral setae divided
by the length of the pscudoculus without the lever
is termed PR.

The mandibles {mdb) may be broad apically with
from two to four minute teeth or taper into a
pointed tip.

The maxillary palps (#xp) are three-segmented
and end in a tuft of setae. The last segment but one
carrics two sensillag,* the shape of which may be
important.

The cana! of the maxillary gland (mxgl) is a sin-
gle tube in Eosentomoidea but is varied and sys-
lematically very important in Acerentomoidea.
Originating from the gland as a variously shaped
bulb, it is tubular proximally, and has a widening
calyx before the final duct. The maxillary gland
canal, originally called “filamento di sostegno™, is
of ectodermal origin and easily seen in cleared
specimens. The length of its proximal part (i.e.,
proximal io the calyx) may be compared with the
proximal branch of the fulcrum (fi), which is the
tentorium-like internal skeleton of the entognath-
ous head.

*The author’s usage of “sensilla, -a¢” follows his own
practicc of many years, and that of other workers on
Protura, although not strictly correct in terms of the
word’s Latin origins; a facl which he has many times
acknowledged in print. As Dr G. Kuschel points out, the
word 1s a diminutive of sersus, and it should take the
form ‘“‘sensuillus™ — though “sensillius™ comes more
readly to the tongue and to the pen. {-Edilor}.






Figures 14 and 15. Amphientuius
zelandicus in dorsal (14} and ventral (15)
view, Scale line 5 x 0.1 mm. Key: abd,
abdominal scgments; ap, abdominal legs;
Ibp, labial! palp; mxgl, maxillary gland;
mxnp, maxillary palp; p, thoracic legs; ps,
pseudocnius; th, thoracic segments.

Figures 16 and 17. Chactotaxy of
abdominal segment [V in an eosentomid
{16) and an acerentomid {17); modified
from Tuxen {1949). Key: p, pleuron; s,
sternum, t, tergum; all other characters
arc setal notation,
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The labial palps (bp) are small, usually one-seg-
mented, ending in a tufi of setae like the maxiliary
palp or reduced, with three or four setae and an
often sausage-like sensilla.

On the thorax the most important characters,
besides the chaetotaxy, are associated with the for-
etarsus (see, e.g., Figures 22 and 23). This is gener-
ally leng and slender, and terminates in a claw
attached to a small pretarsus on which a ventral
empodium (emp) and a dorsal sensilla (s5) arc
attached. The length of the foretarsus proper
{excluding pretarsus and claw} divided by the length
of the claw plus pretarsus is called TR (larsus ratio).
The length of the empodium divided by the length
_of the claw proper is termed EU. The tarsus carries
a number of sensillac uvsually with rounded tips,
and a number of selae (with pointed tips) which
are designated with letters and numbers and are of
extreme sysiematic value.

Sensillae. There are threc dorsally, ¢/, £2, and
t3. On the exterior sidce there are at most seven,
labelled a-g, in Acerenlomoidea but an additional
J2, x, v, and z in Eosentomoidea, On the interior
side Acerentomoidea have at most three sensillae,
a’, b, and ¢'; and Eoscntomoidea have an
additional #'2. Sensilla ¢/ may be club-shaped
(claviform) or have a ball-shaped head (baculiform).

Setae. These are arranged in a certain pattern
on the four “sides™ of the forctarsus. Dorsally there
is a zigzag line of seven selae in Acerentomoidea,
af-7; and in Eosentomoidea an additional x3° in
line with x3. Ventrally another zigzag line of seven
setae, AI-7, is found in Acerentomoides; in Eos-
entomoidea the line continues up to #9, Seta f7 is
always very small. On the exterior side five selae,
¢1-3, are found more or lcss in a zigzag line in both
suborders. Finally, the four proximatl setae on the
interior side, 0/-4, are arranged in an oblique line
beginning dorsally, while 85 and 36 are closer to
the midline. In Eosenlomoidea there are an
additional 43 and &4  dorsal to 83 and &4. This
sounds complicated, but in reality is usually easily
recognised, and is important for the identification
of the sensillae.

From the designation of the sensillae and setac
it might seem as if the Eosentomoidea arc more
specialised than the Acerentomoidea, but I do not
think they arc. The reason is historical; the desig-
nations were at first applied to acerentomid specics
(by Condé and myself) and later transferred to
eosentomids.

The position of ¢/ is important, especially in
Eoscntomoidea; it is called BS, namely the dis-
tance to tarsal base divided by the distance 1o tar-
sal apex (without claw).

The middle and hind legs are of systematic
interest only in connection with their claws: these

are knife-shaped in Eoscntomoidea, but in Acer-
entomoidea more or less boat-shaped. In Eosen-
tomoidea the length of the empodium relative 1o
the claw (EL0 is of importance.

In Eosentomoidea the mesothorax and meta-
thorax carry one spiracle each on either side, but
the tracheae of each do not meet.

The abdomen consists of iwelve segments, or
eleven plus a telson. The anus opens on the telson,
and the genital organs open between this and the
eleventh scgment. The following characters are of
importance.

The first three abdominal segments each carry a
pair of rudimentary legs {e.g., Figures 82-84). The
first pair is always two-segmented, ending in a ter-
minal vesicle; in Eoscntomoidea it always has five
selae, in Acerentormnoidea never more than four. The
second and third pair may be like the firsi (Eos-
entomoidea) or a rudimentary bud without a vesi-
cle and with one, two, or three setae, one of which
is always big, subapical, and lateral and the iwo
others smaller, and lateral or medial.

The eighth abdominal segment carries poster-
iorly on either side the opening of the big abdorni-
nal glands. This opening is always covered by a
“lid", which in Eosentomoidea is undifferentiated
bul in Acerentomidae is diverse, with or without
teeth differing in number and length; it is often
called comb VIII.

In Acereniomoidea a so-called “striate band” is
present proximally on the eighth abdominal scg-
ment; it is most differentiated dorsally. In Proten-
tomidae it is only a transverse line, but in
Acerentomidae there are two transverse lines with
or without structures in between, These structures
may take the form of a cuticular grate of stakes
{(hence the name), but cven where these are missing
ong may imagine their presence because corres-
ponding subdermal structures are visible, probably
glandular tubules, Even where the stakes are miss-
ing a cuticular structure may be seen (see Figures
10 and 11).

The external genitalia differ from: those of all
other insects. In both sexes they open ventrally
between the eleventh segment and telson (the
gonotreme). In both sexes there are a pair of basal
arms and two styli. The malc arms, or periphallus,
carry setae but the female arms, or perigynium,
never do. The gonopore is on the styli, and thus
double, in the male but between the styli, and thus
single, in the female. The male genitalia are gener-
ally alike in all species, though differing between
Fosentomoidea and Acerentomoidea, whereas the
genitalia show distinct specific differences in the
femnale. In Eosentomoidea the styli most often carry
a curious structure, called the processus sternalis
(plural: processTs sternales), which is of character-
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istic shape between species and thus of great taxo-
nomic importance, In Acerentomoidea there is no
such structure; cach of the siyli ends in an acro-
stvlus, the shape of which may also be of taxon-
omic value (see Figures 29 and 117; also Tuxen
1970, pp. 21-24). _

Chaetotaxy. The position, size, and number of
setae dorsally and ventrally on the thorax and
abdomen are of the utmost taxenonuc value. They
were designated by me in 1949 and tabulated in
1964, Tt is true that some variability in number of
setac may be found within the species (in 1961 1
examined the intraspecific variability in 475 spec-
imens of one species, Acerentomon gallicum
lonescu), but used with care, chactotaxy is an
important specifically distinctive character, In
principle the chactotaxy is as follows.

The pronotum almost always has four setae in a
single row.

The mesonotum and metanotum each have an
anterior row of equally long setae, a median pair
of setae, and a posterior row with principal and
accessory setac as on the abdeminal segments.

Abdominal terga (Figures 16 and 17): the setae
are arranged in two transverse rows on each side.
The anterior row is designated al-3, since the setae
are generally of equal length. In the posicrior row
the setae arc arranged into long, strong principal
setae (pd-3y and much thinner accessory setae (p]' -
47, The accessory setae may be longer or shorter
than the principal ones, but arc always more gra-
cile, and may be placed just anterier to the hind
border ¢r in an excavation of the hind border. (They
arc designated as Ja, etc. instead of 7' by Imadaté
and others.) On tergites IX~-XI only one row is
present on each side.

Thoracic sterna; their chaetotaxy is not used in
taxonomy, being uniform throughout the Protura.
Abdominal sterna (Figures 16 and 17): the setac on
sternites I-VII are arranged into two rows, the pos-
ierior row with principal and accessory setae;, but
on sternites TX-XT there is only one row. The elev-
enth sternite always carries four fower sctae in the
maturus junior than in the adult.

For descriptive purposes chaetotaxy can be tabu-
lated into big schemata with every seta in every
stage stated, or expressed according to “Tuxen’s
scheme™, with the numbers of setae in the anterior
and posterior rows given respectively above and
below 2 ling, and then notes about important
occurrences or absences of single setae. The latter
scheme is used in this contribution.

LIFE CYCLE AND BIOLOGY

As already meniioned, Protura are the only insects
with anamorphosis, meaning that they add body
segmenls during development. Berlese knew this,
but thought that only one segment was added from
each stage to the next. In 1949 I proved this to be
incorrect, and described the true development. The
names I then attached to the differcnt stages may
net have been very happily chosen, but they have
been used ever since,

Protura hatch as a prelarva {proved without
doubt by Bernard (1976)), which probably is
immobile, It has only nine abdominal segments and
relatively undeveloped mouthparts, and often the
thoracic and abdominal legs are poorly developed
(Figures 18-21), The prelarva develops into a larva
I with nine abdominal segments and fully developed
mouthparis and legs. From this stage it develops
into a larva IT with ten abdominal segments (lhc
new stage is often discernible in the cuticle of the
preceding onc if they are cleared with, e.g., lactic
acid or other agents). This develops into a maturus
junior (the name given by Womersley} with twelve
abdominal segments, often a smaller number of
setae, and no external genitalia. From this, finally,
develops the adult — though often a preimaginal
male slage with incomplcle external genitalia
intervenes.

Development takes place entirely in the soil or
in decaving wood, where Protura may occasionally
be found (Tuxen 1931). In my 1931 paper I sup-
posed a relationship between the pH of the soil and
the presence of Protura; in acid soils their abun-
dance was far greater than in alkaline ones, where
ofien thev could not be found at all. Later papers
by other authors have to some degree corroborated
1his result, but more thorough investigations have
now been made. In my papers of 1931 and 1949 1
supposed the mineral soil horizons to be more or
less free of Protura, but investigations in Brazil have
shown that this is not always true. It may be, as
Yin {1981) showed, that different gencra descend
to differerit depths in the soil, and thus are found
most abundantly at different levels. Also, their
yearly cycles may be different; in 1949 T found a
Danish Eosentomon specics that was what [ called
euryplastic, with young stages all the year round,
whercas an acerentomid species was stenoplastic,
with a distinct breeding season.

As to the diet of Protura, Sturm (1959) showed
that two European species, an Fosentomon and an
Acerentomon, where feeding on mycorrhiza on
beech. In Brazil 1 used this experience to help me
decide under which trees to look for Protura, but
no further investigations have been made.

As to the ecology of New Zealand Protura, noth-
ing can be said. The localities arc always given as

-13-
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Figures 18-21. DPrelarva of an ecsentomid {18, 19) and of an accrentomid (20, 21), in dorsal and ventral view (scale

hne 100 pm); from Tuxcn (1949),

*moss and litter” under trees and bushes of many
specics, though often Nethofagus. This may have
a connection with mycorrhiza, but may also be a
collection artefact reflecting the abundance of this
tree genus. Nothing is even stated about the depth
range of the samples [Usually shallow. -Editor] or
1the composition of the soil. A wide fietd 1s open Lo
New Zealand soil biologists.

COLLECTING, PREPARATION, AND STUDY

Being very small and white or colourless animals
with slow movemenis, the Protura are difficult to
catch sight of with the naked eve. I know (and have
seen myself) that some Chinese proturologists can;
but [ have always collected them with the aid of
Berlese funnels or Tullgren funnels, The sample is
placed on a wire screcn at the top of the funnel,
and is dricd by means of hot water surrounding it
{Berlese) or by light from above (Tullgren). The
animals leave the soil and are collected below,; the
Protura arc then sorted out. This treatment may
be used for quantitative analysis if the soil sample
15 taken with a corer of known size and the sample
is divided into subunits from different depths.

Under the stereomicroscope it may be possible
to distinguish between the genera or even species
of fresh material, but most often it is not, and so
1he specimens must be cleared and prepared as slide
mounts, The solution uscd for clearing may be
Faure’s fluid or Hoyer's medium or oither agents,
but all are derived from Berlese’s medium and con-
tain chloral hydrate. For clearing, the slides must
be put immediately inte an oven at about 55°C
and stay there for some days, preferably a week, so
that they are quite dry. They may be sealed with,
e.g.. epoxy resin or fingernail polish. The slides are
studied under a compound microscope, and oil-
immersion objectives of %100 magnification may
be necessary. Phase-contrast objectives may be
advantageous when therc is any doubt.

For identification, Tuxen {1964) is the earliest
monograph, but identification keys have becn pub-
lished more recently for the south-east Asian Pro-
tura (Imadaté 1965), the Australian ones {Tuxen
1967), the Japanese (Imadaté 1974), the European
{Nosek 1973), and the Brazilian (Tuxen 1976), 1o
mention some faunas of relevance to the New
Zealand situation.

The material examined for this study belongs to
the following institutions:
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CMNZ  Canterbury Museum, Christchurch

LCNZ  Department of Entomology, Lincoln
College, Canterbury

NMNZ National Museum of New Zealand,
Wellington

NZAC New Zealand Arthroped Collection,

Entomology Division, DSIR, Auckland
and now partly to
ZMKD Zoologisk Museum, Kgbenhavn, Den-
mark.

All measurements, drawings, and descriptions are
based on New Zealand material; this includes spe-
cies previously known from elsewhere. All draw-
ings were prepared by mysclf.

Abbreviations, other than seta and sensilla des-
ignations, used in the text and figures:

abd abdominal segments

ap abdominal legs

BS position on tarsus of sensilla ¢7 (distance
to base / distance to apex)

emp empodium

FEU empodium / claw length ratio

fu fulecrum

1bp labial palp

mdb mandible

mxgl maxillary gland

mxp maxillary palp

D thoracic legs

pl pleuron

PR head length / pseudoculus length ratio

s pseudoculus

5 pretarsal sensilla

51 sternum

t tergum

th thoracic segments

TR tarsus ratio {iarsus proper / claw +
pretarsus)

KEY TQ FAMILIES QOF PROTURA

0 Spiracles present on mesothorax and
metathorax {exception: Antefiento-
mon), claw of middle and hind legs
knife-shaped; lacinia of maxilla hook-
shaped; pseudoculus a simple eleva-
tion; abdominal legs 2-scgmented,
with 5 setae;, no striate band on
abdominal tergiie VIII; fernale
squama genitalis most often with a
processus sternalis

... EOSENTOMOIDEA, EOSENTOMIDAE
— Spiracles absent; claw of middle and
hind legs boat-shaped; lacinia of max-
illa pointed; pseudoculus with a rim
and other structural differentiations;
abdominal legs 2-segmented, with at

most 4 sctae, or (legs II and HI only)
1-segmented; striate band on abdomi-

nal tergite VIII present at least as a
serrate ling; female squama genilalis

with acrostyli bul no processus

sternalis ... ACERENTOMOIDEA .. 2

02(01) Only abdominal leg [ 2-segmented,
with 4 setae; siriate band on abdomi-
nal tergite VIIT a double linc with or
without striate structures in between
(see Tuxen 1981, 1983)
... ACERENTOMIDAE
—- Abdominal Jegs T. T and 11, or 1-1II 2-
segmented with at most 4 setae, the
remainder 1-scgmenied with 1-3
setae; striate band present only as a
scrrate line ... PROTENTOMIDAE

KEY TO PROTURA
KNOWN FROM NEW ZEALAND

{Because so few species are known, the characters
are arranged to lead dircctly to species.)

01 Tracheal system present; all abdomi-
nal legs with a terminal vesicle and §
setae
... EOSENTOMOIDEA, EOSENTOMIDAE .. 2
— Tracheal system absent; only the 1st
abdominal leg, or 1st and 2nd, with a
terminal vesicle and at most 4 setag
... ACERENTOMOQIDEA .. 7

02(01) Abdominal sterna IX and X each
with 6 setae; p/” and p2 on tergite
VIII displaced anteriorly
.. (p. 27y .. Eosentomaon gracile
— Sterna IX and X each with 4 setae;
pI17 and p2 not displaced .. 3

03{(02) Tergum XI with 4 sctac; tergum X
with 2 setae )
... {p. 18) .. Eosentomon dawsoni
-— Tergum XI with 8 sctae; tergum X
with 8 setae or none .. 4

04(03) Tergum X without sctae; tergum VII
with 2 anterior setae (a3)
... (p. 18) .. Eosentomon wygodzinskyi
— Tergum X with 8 sctae; tergum VII
with 4 anterior setae {af and aJ5) .5

05(04) p4’ present on lerga IT and 11I; caput
processus on female squama genitalis
semicircular

... (p. 20) .. Eosentomon macronyx

—15h-



— p4’ absent on terga IT and TII; caput
processus sharply bent against median
line .. 6

06(05) Very large species — length of fore-
tarsus 105 pm; pf' on tergum VII
close to p2
... {p. 25) .. Egsentomon maximum
— Smaller species — length of foretar-
sus around 80 pm; pf° on lergum VII
inserted on hind border
... {p. 23) .. Eosentomon zelandicum

07(01) Ist and 2nd abdominal legs with a
terminal vesicle
... {p. 30) .. PROTENTOMIDAE,
Proturentomon minimum
— Only the st abdominal leg with a
terminal vesicle ... ACERENTOMIDAE .. 8

08(07) Striate band with a distinct and regu-
lar cuticular grate of stakes (Fig. 12,
13 .. 9
-— Striate band reduced, the striac at
most indistinctly present, as if below

the cuticle (Fig. 10, 11) 11
09(08) 2nd and 3rd abdominal legs each
with 3 sectac ... 10

— 2nd and 3rd abdominal legs each
with only 2 sctae
... (p. 34y .. Gracilentulus gracilis

10(09) Labial paip well developed, with a
Lufl
. (p. 32) .. Acerentulus kermadecensis
— Labial palp reduced to a knob, with a
scnsilla and 3 setae
.. (p. 34) .. Aastralentulus sp. indet.

11(08) Canal of maxillary gland with 2 or 3
dilatations proximal to calyx
... {p. 42) .. Kenyentulus kenydnus
— Canal of maxillary gland simple .12

12(11) 1st and 2nd abdominal legs each with
a subapical seta and a fairly large lat-
eral apical seta ... 13
— Ist and 2nd abdominal legs each with
a subapical seta and a small, delicate,
median apical seta
... (p. 46) .. Berberentulus nelsoni

13(12) Sensilla ¢/ of foretarsus baculiform
... (p. 42} .. Yinentulus paedocephalus
— Sensilla ¢! of foretarsus claviform ... 14

14(13) Sternite VIII without posterior setae;
sensilla b on foretarsus as long as ¢
... (o 37) .. Amphientulus zelandicus

— Sternite VI with 2 posterior setae;
sensilla 4 on foretarsus only half as
long as ¢
.. {p. 40) .. Tasmanentulus intermedins

DESCRIPTIONS

Suborder EOSENTOMOIDEA

Trachea!l system present or reduced. Abdominal legs
each with a terminal vesicle and 5 sctae. Claw of
middle and hind legs knife-shaped. Lacinia of max-
illa hook-shaped. Pseudoculus a simple elevation.
Abdominal tergum VIII without a siriate band or
serrate line, Female squama genitalis most often
with a processus sternalis but without acrostyli.
Sternum XII with 12 sciac.
Monobasic.

Family EOSENTOMIDAE
Thagnosis as for suborder Eosentomoidae.

Genus Eosentomon Berlese

Berlese, 1908: 18. Type species Eosestomon ransilorium
Berlese, 1908, by original designation.

Mesothorax and metathorax with spiracles. Man-
dible rather broad and stout, ending usually in 3
tecth, and striate in its distal part. Sensillae e and
g on foretarsus spatulate. Terga X and XTI without
a huge spine.

Eosentomon dawsoni Condeé
Figures 22-29
Condé, 1952: 163-165. Tuxen, 1964: 123-124.

Length of body (extended) 800 um, Length of fore-
tarsus without claw 79 pm.

HEean, Mouthparts of the common cosentomid
type, Mandibles ending in 3 small teeth. Labral
sctac present. Clypeal apodeme with a well
developed anterior connection (Figure 24), Pseud-
oculus almost circular, with a central globule {Fig-
ures 25 and 26); PR = 12-13.

THoraX, Foretarsus (Figures 22 and 23) with
all sensillae prescnt; e and g spatulate; f2 aimost as
long as f1, longer than ¢3; & I present; ¢! not espe-
cially thick; @ almost reaching 12, ¢ just surpassing
+3, t1 about midway between %3 and x3' (BS =
1.2}, empodium as long as claw (EFU = 1.0); TR
= 4.2. Empodium of middle and hind tarsi one-
fifth as long as claw; spine on hind tarsus distinct
(Figuare 27},

Chaetotaxy of metanotum: p/’ long, behind the
line pi-2.
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{24)

(28]

€1

Figures 22-29. fosentornon dawsoni: 22, 23, forctarsus, anterior and interior vicw; 24, clypeal apodeme: 25, 26,
pseudoculus; 27, hindtarsus; 28, tergal chaetotaxy of abdominal segments V=VIII; 29, sguama genitalis of female.

Scale line: 100 pm (28); 40 um (24-27);, 26 um (29).

ABDOMEN. Chactotaxy of segments as in Table
1 and Figure 28.

On terga V and VI only a4 and a5 present, and
on tergum V1I only af; on tergum X only the 2
laterals, and on tergum XI 4 laterals; p4' prescent
on terga II-VII; pl’ long, surpassing pl on ierga
TI-VI, encroaching on hind border, but very short

and on a line with p/-2 on tergum VII; on tergum
VIII p1” and p2 not displaced anteriorly.

Squama genitalis of female (Figure 29) with caput
processus shaped like a duck’s head, squarely bent
against median line;, corpus processus with an inci-
sion; very weak proximolateral sclerotisations; filum
processus fairly long.
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Table 1 Abdominal chactotaxy of Eosentomon dawsoni

I ILim v vVl
4 10 10 4
Tergum — — — —
10 16 16 16
4 4 10 10
Sternum — —

44 10 10

Type data. Lectotype female, New Zealand, CL,
Little Barrier Tsland, 20 November 1949, E, W,
Dawson (CMNZ).

Material examined. Lectotype, plus 15 non-type
examples (7 females, 4 maturi juniores, 3 larvae IT;
NMNZ, NZAC, ZMKD).

CL (Little Barrier 1), TO / —.

Collected in January, October, and November.

Taken from wood mould under Prumnopitys
taxifolia (matai; formerly Podocarpits spicatusy and
from leaf litter of Dacrydium cupressinum and
Nothofagus fusca.

VII  VIII  1X X X1 Telson

2 6

— - 8 2 4 g

16 9

10

— 7 4 4 8 12

10

Remarks. The above description is based on one

of two females from Te Ponanga Bush, Tokaanu
(FTO). It deviates from the origiral description
(Cond¢ 1952) and the redescription by Tuxen (1964)
in the lengih of the body and foretarsus and in T'R.
The foretarsi are missing in both the lectotype and
the maturus junior found with it; the TR value
given by Tuxen was based on Condé’s drawing, not
the specimen. The lectotype is now split up into
several pieces. However, measurement of abdomi-
na! segments I-V1 gives 420 pm (350 pm on the
specimens from Te Ponanga), and by extrapolation
the length of the lectolype should thus be about
950 pm.

This species is known only from New Zeatand.

The name was giver in honour of the collector
of the lectotype, Mr E. W. Dawson.

Eosentomon wygodzinskyi Bonet
Figures 30-36

Bonet, 1950: 122-123. Tuxen, 1964: 137-138; -1976: 435;
~1977: 301-302; ~1978b: 255.

sofare Tuxen & Imadaté, 1975 356-358. Synonymised
by Tusxen {1977b, p. 301

Length of body (cxtended) 1100 pm. Length of

foretarsus without claw 97 pm.

Heap. Mouthparts of the commeon eesentomid
type. Mandibles ending in 3 small teeth. Labral
setae present. Clypeal apodeme with a well
developed anterior connection (Figure 32). Pseud-
oculus circular, with a ceniral globule (Figure 33}
PR = 14-16, rarely 12-13.

THoOrAX, Foretarsus (Figures 30 and 31) with
all sensillac present; ¢ and g spatulate; 2 half as
long as f7, broadened apically; &' I present, ¢ nor-
mal; g reaching y2; ¢ far surpassing 33; ¢/ midway
between 23 and «3' (BS = 1.1-1.2); empodium
sharter than claw (EU = 0.9, TR = 5.0 (4.6-53.3).
Empodium of middle and hind tarsi less than one-
fifth as long as claw, spine and hind tarsus distinct
(Figure 34).
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(31)

(34) (38)

Figures 30-36. Eoscntomon wygodzinskyi: 30, 31, foretarsus, anterior and interior view; 32, clypeal apodeme; 33,
pseudoculus; 34, hindlarsus, 33, tergal chactotaxy of abdominal segmenis V-VIII; 36, squama genitalis of female.
Scale line: 100 pm {33); 40 pm (30-34); 26 um (36).
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Table 2 Abdominal chaetotaxy of Eosentomon wygodzinskyvi

I nm 1w  vyvl
4 10 10 4
Tergum — — — —
10 16 16 16
6 6 6
Sternum - - —_ —
4 4 10 10

178°
176°

Chaetotaxy of metanotum: p!” long, behind the
line pi-2.

ABDOMEN. Chaetotaxy of segments as in Table
2 and Figure 335.

On tergum V only a4 and a5 present, and on
tergum V1 and VII only 43; on tergum X all setae
missing; on tergum XI all setae preseni, the 4
median ones microchaetae; p4* prescent on terga I1-
VIL, p!' long, surpassing pl on terga II-VI,
encroaching on hind border, but very short and on
a line with pi-2 on tergum VII; on tergum VIII
pl" not displaced anteriorly.

Squama genitalis of female (Figure 36) with caput
processus shaped like a duck’s head, squarely bent

VII VI IX X  XI Telson
2 6

=2 8 0 8 9
16 9

6

— 3 4 4 8 12
10

against median line; corpus processus with an inci-
sion; filurn proccssus long, slender.

Type data. Holotype female, Brazil, Rio de
Janeiro, Haguai, June 1945, P, Wygodzinsky (Bonet
Collection; now in ZMKD).

Material examined. Hoelotype, plus 16 non-iype
examples (4 males, 11 females, 1 larva IT; NZAC,
ZMKD),

AK / —.

Collected i April, May, October, and December.

Taken from soil under the moss Prvchomnion
aciculare and around roots of Metrosideros excelsa.

Remarks. E. wygodzinskyi is variable in the chac-
totaxy of tergites VI and X {sce Tuxen 1977, p.
302). All specimens from New Zealand agree with
eight examples from Aneityum and Erromanga,
Vanuatu (formerly New Hebrides), in having two
a-setae on tergum VI and none on tergum X, dif-
fering in this respect from all other specimens, Also,
the size of the pseudoculus varies in the New
Zealand specimens, from PR = 12 to PR = 16.

This species has been recorded also from Brazil,
the Scolomon Islands and Bismarck Archipelago
{(under thc name solare), Vanuvatu, and the
Seychelles.

The name was given in honour of the collector
of the holotype, the well known specialist in Thy-
sanura Dr P. Wygodzinsky.

Eosentomon macronyx new species
Figures 37-45

Length of body 1200 pm. Length of foretarsus
without claw 94 pm.

Heal>. Mouthparts of the common eoseniomid
type. Mandibles ending in 3 small teeth. Labral
setae present, Clypeal apodeme with a well
developed anterior connection and very large bulbs
(Figure 39). Pseudoculus circular, with a ceniral
globule {(Figure 40y, PR = 11.
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(42)

{(3¢%) - /;IC/{ \\
.{{: = /
) w AN
- e “"_—_d
{40) e
Figures 37-43. Fosentomon macronvx: 37, 38 forctarsus, exte-
rior and interor view; 3%, cIypeal apodeme; 40, pseudoculus; 41,
hindtarsus: 42, tergal chactoiaxy of abdominal segments VI-VIII;
43, squama genitalis of female. Scale line: 100 pm {42y, 40 uni (37—
41) 26 um {43).
(43)
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Table 3 Abdominal chactolaxy of Easentomon macronyx

1 ILII IV-VI VIT  VIII

4 10 8
Tergum — — —
10 16 16
4 6 6
Sternum - - —
4 4 10

Figures 44 and 45,  Eoseniomon macronyx, foretarsus in
exterior and interior view: of. Figures 37, 38, and text p.
23, Scale hne 40 pm.

THorax. Foretarsus (Figures 37, 38, 44, and
45) with all sensillac present; ¢ and g spatulate but
slender; /2 slightly more than half as long as fi; o' ]
prescnl; ¢’ normal; g reaching +2; ¢ reaching 3; t1
closer to %3 than to 23’ (BS = 0.8)%; empodium as
long as claw (£ U = 1.0); claw relatively large (TR
= 4.0). Empodium of middle and hind tarsi less
than one-fifth as long as claw; spine and hind tarsus
distinet (Figure 41).

Chaetotaxy of metanotum: pI’ long, behind the
line p1-2.

IX, X XI Telson

4 ]

— - 8 8 g
16 9

6

- 7 4 8 12
10

ABDOMEN. Chaegtotaxy of segments as in Table

3 and Figure 42,

On terga IV-VI a3 missing, and in some speci-
mens aiso on tergum I or even IT; on tergum VII
only a4 and a3 present; on tergum X all sctae pres-
cnl; p4’' present on terga 11-VII; pl’ long, surpass-
ing pI on terga 11-VI, encroaching on hind border,
but shert and encreaching on hingd border on ter-
gum VII; on tergum VIIT p7” and p2 not displaced
anteriorly.

Squama genitalis of female (Figure 43) with caput
precessus semicircular, bent against median line;
corpus processus slender, with an incision; stvius
long, pointed; filum processus fairly long, slender.

Type daia. Holotype female, New Zealand, WD,
Simonin Pass, western Olivine Range, 1077 m,
Nothofagus forest edge, 23 January 1975, G. W.
Ramsay (NZAC).

Material examined. Holotype, plus 25 non-type
examples (10 fcmales, 8 males, 2 maturi juniores,
2 larvae II, 3 larvae T, NMNZ, NZAC, ZMKD).

ND, AK, TO / WD.

Collected in January, May, and October—-Decem-
ber (pre-adult stages: maturus junior — October;
larvae 1l and I — December).

Taken from soil around roots of AMetrosideros spp.
and Lepiospermum scoparitm, soil under the moss
Prychomnion aciculare, and leaf litter of Dacry-
dium cupressinum.

Remarks. E. macronyx may vary in the chaeto-
taxy of terga 11 and I1I, and in size — two speci-
mens from Lynfield (AK) are smaller. In two
specimens from Waipoua (ND} &' 7 is missing. This
may be a specific character, but owing to the pauc-
ity of specimens, in which one foreleg or even both
may be missing, nothing can be decided at present.
Also, the relative length of the foretarsal claw may
vary ('R = 4.0-4.8}, so the meaning of the name
{sce below) holds truc enly for the holotype. The
abdominal chaetotaxy, the position of {§ on the
foretarsus (close 1o 23), and the shape of the caput
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processus in the female squama also characterise
this species. Sensillae 4 and ¢2 relative to #—¢ may
differ, and I have depicted the foretarsus of two
extremes (the holotype, Figures 37 and 38, and
another specimen, Figures 44 and 45). However, [
have found no conformity in these variations, and
have included them all under macronyx. Further
material may show whether I am right to do so.

This specics is known only from New Zealand.

The name refers to the relatively large size of the
foretarsal claw,

Eosentomon zelandicum new species
Figures 46-32

Length of body 870 um. Length of foretarsus with-
cut claw 80 pm.

HEeap. Mouthparts of the common eosentomid
type. Mandibles ending in 3 small teeth, Labral
setae present. Clypeal apodeme with a well
developed anterior connection (Figure 48). Pscud-
oculus oval, with 2 small central “rods” (Figure 49);
PR = {13,

THorax., Foretarsus (Figures 46 and 47) with
all sensillae present except &' F; ¢ and g spatulate,

- slender, pointed; 2 half as long as f7; ¢" normal,

reaching 36; @ reaching +2; ¢ far surpassing 73, ¢7
between oF and o3 (BS = 0.9); cmpedium not
reaching tip of claw (FU = 0.9); claw small (TR
= 5.0). Empodium of middle and hind tarsi less
than onc-fifth as long as claw; spine on hind tarsus
distinct (Figure 50).

Chaetotaxy of metanotum: pi’ long, behind the
line pi1-2.

ABDOMEN. Chaeiotaxy of segments as in Table
4 and Figure 51.

On tergum VI a3 missing; on tergum VII only
a4 and a5 present; on tergum X all setae present;
p4’ missing on terga 1l and Iil, present on all other
ierga; pl’ long, surpassing p! on terga I1I-VI,
encroaching on hind border, but on tergum VII
short, behind the line pI-2, and not encroaching
on hind border; on tergum VIII p/” and p2 not
displaced anteriorly.

Squama genitalis of female (Figure 52) with caput
processus like a duck’s head, but curved against
median line; corpus processus with a big incision;
stylus long, pointed; filum processus long.

Type data. Holotype female and allotype male
{same slide), NN, Parkes’ Farm, 88-Valley, Nelson,
15 November 1970, N. A. Martin (NZAC).

Material examined. Type specimens, plus 7 non-
type examples from the type locality (2 males, 5
females; NZAC, ZMKD).

— / NN,

Collected in June and November.

Habitat not recorded.

Remarks. E. zelandicum is closely related to E.
austraficurmn Womersley (see Tuxen 1964, pp. 122~
123; 1967, pp. 5-6). It differs in size, qustralicum
being larger {foretarsus without cliaw 90 pm), the
structure of the pseudoculus (the two rods are not
present in qustralicunn, the shape of sensillae ¢ and
g {broader in australicum), BS (1.0 in qustralficum),
the length of ¢ and ¢’ (shorter in gustralicun?), and
above all the position of p/' on tergum VII (on a
line with pI and p2 in australicur, see Figure 33).
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Table 4 Abdominal chaetctaxy of-Eosentomon zelandicum

I ILIT v,y vl VII  VIIT IX,X  XI Telsen

4 10 10 8 4 6
Tergum — — —_ — - 8 B 9

0 14 16 16 16 9

Sternum - -

Figures 46-82. Eosentomon zelandicum : 46, 47, forctarsus, exterior and interior view, 48, clypeal apodemc; 49,
pscudoculus; 50, hindtarsus; 51, tergal chaetotaxy of abdominal scgments Vi-VIIL 52, squama genitlalis of female.
Scale hine: 100 pm (31);, 40 pm (46-30)% 26 pm {32},
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(53) I 4

Figure 53. FEosentomon gqustralicnm, tergal chactotaxy
of abdominal segments VI-VIIL, Scale line 100 ym.

It should be noled, however, that whereas pl' in
celandicum is placed behind the line p7-2 it does
nol encroach on the hind border as it dees in E.
macronyx. As to the variability of the number of
anterior setae on tergum V in qusiralicum, see
Tuxen (1967, p. 5% it is 10 in all four New Zealand
spceimens. It may be that more material from the
localities of both species (australicum is known
from Australia and the U.8,A.) will show them to
be identical.

This species is known only from New Zealand.

The namc {adjectival) refers 1o the country of
origin.

Eosentomon maximum new species
Figures 54-60

Length of body 1540 pm. Tength of forctarsus
without claw 105 um.

Heap. Mouthparts of the common eosentomid
type. Mandibles ending in 3 small teeth. Labral
setae present. Clypeal apodeme with a fairly slen-
der anterior conncction {Figure 36). Pseudoculus
almost circular, with a small central globule {Figure
37, PR = 11-12,

THoOraX. Foretarsus {Figures 54 and 55) with
all sensillae present cxcept b' I, ¢ and g spatulate,
very slender and pointed; f2 less than half as long
as fI; ¢’ slender, behind %6 and reaching 54; g not
reaching 2, ¢ hardly reaching 3; ¢/ between o3
and «3', but closer to the latter (BS = 1.1} empo-
dium not reaching tip of claw (EU = (.8); claw
small (¥R = 5.0-5.5). Empodium of middle and
hind tarsi one-fifth as long as claw; spine on hind
tarsus distinct (Figure 38).

Chaetotaxy of metanotum: p!° long, behind the
line pI-2.

ABDOMEN. Chaetotaxy of segments as in Table

5 and Figure 59.
On terga V and VI 43 missing; on tergum VII only
a4 and a5 present; on tergum X all setae present;
p4" missing on terga IT and I1I, present on all other
terga, pl' long, surpassing pl on terga II-VI,
encroaching on hind border, but on tergum VII
short and on a line with p/-2; on tegum VIII pi~
and p2 not displaced anteriorly.

Squarna genitalis of female (Figure 60) with caput
processus like a duck’s head, elegantly curved
against median line; corpus processus with a big
incision; stylus long, pointed; filum processus long,

Type data. Holotype female and allotype male,
NN, Dickson’s Farm, The Glen, Nelson, 20
November 1971, P. G. Fenemore (NZAC).
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(58}

(56) (57) T

{58)

Figures 54-60. Fosenfomon maximuni: 34, 55, foretarsus, exterior and interior view: 36, clypeal apoderme; 57.
pscudoculus; 38, hindtarsus; 39, tergal chaetotaxy of abdominal segments VI-VIII; 80, squama genitalis of female,
Scale line: 160 um (59); 40 pm {54-58);, 26 um (60).
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Table 5 Abdominal chactotaxy of Eosentomon maximum

1 ILII  1v
4 10 10
Tergum — — —
10 14 16
4 6 6
Sternum - - —
4 4 10

-y

171°

170°

Material examined. Type specimens, plus 2 non-
type females from Lees Valley beside the Ashley
River (I.LCNZ).

— / NN, NC.

Collected in November.

Habitat unknown for the type specimens, but
“mat plants on shingle beside the river” for the
other two,

V., VI

VII VII IXX X1 Telson

4 6

— - 8 8 9

16 9

6

— 7 4 8 12

10
Remarks. This species is known only from New
Zealand.

The name (adjectival) refers to its large size rela-
tive to other members of genus Eoseniomon.

Eosentomon gracile new species
Figures 61-69

Length of body (strongly extended) 930 um. Length
of foretarsus without claw 56 pm.

Heap. Mouthparts of the common eosentomid
type. Mandibles ending in 3 small teeth. Labral
setag present. Clypeal apodeme with a slender
anterior connection (Figure 63). Pseudoculus oval,
with a median rod or slit (Figure 64); PR = 9.0.

Tnorax. Foretarsus (Figures 61 and 62) with
all sensillae present except £’ f; e and g broadly
spatulate, with a fairly short stem; f2 very short;
sensilla ¢* reaching 5, on a line with «6; a almast
reaching +2; ¢ reaching y3; @' fairly slender; ¢7 fairly
close to o3 (BS = 0.9). Empodium not reaching iip
of claw {EU = 0.9} claw small {7R = 3.7). Empo-
dium of middle and hind tarsi missing; spine on
hind leg distinct {Figurcs 65 and 66).

Chaetotaxy of metanotum: pf’ as long as plf,
behind the line pi-2,

ABDOMEN. Chaetotaxy of segments as in Tabie
6 and Figure 67.

On tergum VII only a2, a4, and a5 present; on
tergum X all setae present; p4’ missing on terga 11
and III, present on all other terga; pl’ long, sur-
passing p! on terga I-VI, but short and encroach-
ing on hind border on tergum VII; on tergum VIII
pl" and p2 not displaced anteriorly,

Squama genitalis of female (Figures 68 and 69)
difficult to understand. In Figure 69 it is fully
extended outside the body; in another specimen
only g sketchy drawing of it inside the body could
be made (Figure 68). Caput processus apparently
elegantly curved against median line; corpus with
a big incision; stylus fairly short and blunt.
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(67)

\

(65) (68) {(68) {e9)

Figures 61-69. Eosentomon gracife: 61, 62, forctarsus, cxierior and interior view; 63, clypeal apodeme; 64, pscud-
oculus; &35, middlc tarsus; 56, hindtarsus: 67, tergal chaetotaxy of abdominal segments VI-VIIL, 68, 69, squama
genitalis of two different fernale specimens. Scale line: 100 pm (67} 26 pm (61-66, 68, 69).
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Table 6 Abdomina! chaetotaxy of Eosentomon gracile

i ILHY IV-VI

4 10 10

Tergum — — —
10 14 16

4 6 6
Sternum - - —
4 10

~7

172°

45°

46°

Type data. Holoiype female and allotype male,
NN, Parkes’ Farm, 88-Valley, Nelson, 24 October
1972, N. A, Martin (NZAC),

Material examined. Type specimens, plus 15 non-
type examples (9 females, 3 males, 3 matuni jun-
1ores; NZAL, ZMKD),

— / NN.

Collected in June, October, and November (pre-
adults October, November).

Habitat not recorded.

177°

vii VII IX,X  XI Tzlson

5 6

— - 8 8 9

16 Q

— 7 6 8 12

10
Remarks. This species is known only from New
Zealand.

The name (adjectival) refers lo the slender body.

Suborder ACERENTOMOIDEA

Trachcal system absent. Abdominal legs more or
less reduced. Claw of middle and hind legs boat-
shaped. Lacinia of maxilla pointed. Pseudoculus
with a rim and other structural differentiations.
Abdominal tergum with a scrrate line or siriate
band. Female sguama genitalis without a processus
sternalis bui with acrostyli. Sternum XII with 6 or
8 setae.

Comprising two families, Acerenlomidas and
Protentomidae.

Family PROTENTOMIDAE

One pair (1st), two (1st and 2nd), or three {1st, 2nd.,
and 3rd) pairs of abdominal legs with a terminal
vesicle and never more than 4 setae. Abdominal
tergum VIII with 2 single serrate line (cf. a striatc
band in Acerentomidae). Female squama genitalis
with bud-like or pointed acrostyli. Sternum XIT with
8 setae.

Genus Proturentomon Silvestri

Silvestri, 1909 10, Type species Acerentonion minimum
Berlese, 1908, by original designaiion.

First and 2nd abdominal legs cach with a terminal
vesicle and 4 setae, 3rd without a vesicle and with
2 setae. Seasilla ¢ on foretarsus rarely missing.
Metanotum with only 1 pair of anterior sctac (a2).
Lid of tergum VIII with distinct teeth. Female
squama genitalis with acrostyli ending in a small,
rounded knob.
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Proturentomon minimum {Berlese)
Figures 70-86

Berlese, 1908: 17 (Acerermomon). Tuxen, 1964: 182-183
(Proturentomon).

Length of body (cxtended) 900 pm. Length of fore-
tarsus without claw 46 pym.

Heap. Mouthparts of the protentomid type.
Mandibles sturdier than those of Acerentomidae,
but with a pointed apex. Maxillae with 2 slender
sensillae and a terminal tuft (Figure 72). Labium
with a tuft and 4 other setae (Figurc 73). Canal of
maxillary gland with “calyx™ as a bladder and with
stiffened contours on the canal (see Tuxen & Yin
1982 and Figures 74 and 75). Pscudoculus with a
long “lever™; PR = 12 (excluding the lever); all 4
sctae of pseudocular line placed between pseud-
oculi (Figures 76 and 77).

THorAX, Foretarsus (Figures 70 and 71} of the
protentomid type, somewhat clumsy; all sensillae
present except ¢/, all fairly broad, tapering towards
apex, with a distinct rib; seta 5 less than half as
long as claw, curved, blunt; claw with a small
median tooth; KL/ = 0.15; TR = 3.0. Claw of
middle and hind tarsi boat-shaped, with tunica
lobes (Figure 78).

Chaetotaxy of metanotum: M, a2, pl, pl’, p2,
p3, pd, p4’ {Figure 79).

ABDOMEN. First and 2nd abdominal legs each
with a terminal vesicle and 4 setae; 3rd leg without
a terminal vesicle and with 2 setae, a long subap-
ical one and a small apical, lateral one (Figures 82—
84).

Chaetotaxy of segments as in Table 7 and Fig-
ures 80 and 81,

On terga I-VT only @7 present, on tergum VII no
a setae at all; p4’ present on terga II-VIL p!’ and
p3' only on lergum VII; p2' never present; on terga
IX and X p4’ so small a5 to be easily overlooked,
or perhaps absent. Comb VIII with 5 acutc tecth
on upper lid, aboutl L5 very small teeth on lower
lid (Figure 81). “Striate band™ present as a serrate
line (Figure 31).

Squama genitalis of female (Figures 83 and 86}
with 2 slightly pointed, knob-like acrostyli.

Type data. Lectotype female, Ttaly, Fiorence,
Giardino Bobwoli, 1907, A, Berlese (Stazione di
Entomologia Agraria, Firenze; sec Tuxen, 1960, p.
302).

Material examined. Eleven non-type females from
Pzrkes’ Farm, 88-Valley, Nelson (NZAC, ZMKD).
— / NN.
Collected in June and November.
Habilat not recorded.

40°

-+
™~
P~
41° J

171°

42°

“+-170°

Table 7 Abdominal chaetotaxy of Proturentomon mininium

I ILIIT IV-VI VII

2 2 2
Tergum — — —_ —

10 12 12

4 4 4
Sternum - - -

2 3 6

V1II IX X XI Telson

6
— 120014 B(10) 6 9
14

Figures 70-86. Proturentomon minimun . 70, 74, foretarsus, exterior and interior view; 72, maxillary palp; 73, labial
palp; 74, 75, canal of maxillary gland, ventral and lateral view; 76, pseudoculus, 77, pseudoculi, and sctac of pscud-
ocular line; 78, middle tarsus; 79, lergal chaetotaxy of thoracic segment T, 80, tergal chactotaxy of abdominal segment
V; 81, tergal chaetotaxy of abdominal scgments VII and VIII; 82-84, abdominal legs [ IL, and III; 85, 86, squama
genitalis of female, dorsal and lateral view. Scale line: 100 um (79-80); 64 pm (81); 40 pm (70, 71, 77, 73, 82-86),

26 um (72-76).
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Remarks. No males of P. minirnum are known,
from anywhere in its rangc. It was probably intro-
duced to New Zealand, where it is known only from
the above record,

P. mininnn has also been recorded from Eng-
land and central and southern Europe. The geinus
is known from Europe, North Africa, and ithe U.S.A.
(lowa), but not (except for this record) from ihe
Southern Hemisphere, Proiureniomon acracia Vidal
& Najt, recorded from Argentina, is actually a Pro-
fentomon (Tuxen 1978a, p. 38).

The name refers to the unusually small size of
this species.

Family ACERENTOMIDAE

Only 1st abdominal leg with a terminal vesicle and
4 selae, 2nd and 3rd without a vesicle and cach
with 3 setae, 2, or |. Abdominal tergum VIIT with
a striate band consisting of 2 lines, with or without
striac in between. Female squama genitalis more
or less pointed, bipartite or, together with distal
part of stvlus, forming a tripartite structure. Ster-
num XIT with 6 setae.

Genus Acerentuius Berlese

Berlese, 1908: 12Z, Typc species Acerentomon confine
Berlese, 1908, by original designation,

Acerentomidae with striate band well developed,
with a regular grate of stakes. Labial palp not
reduced, with a terminal tuft of setae. Second and
3rd abdominal legs each with 3 sctac — a long
subapical seta, a shorter laieral apical, and a deli-
cate median apical. Sensilla ¢/ on foretarsus clavi-
form, t3 willow leaf-shaped, »' present; Sternum
VIIE with posterior setae.

Acerentulus kermadecensis Ramsay & Tuxen
Figures 87-96
Ramsay & Tuxen, 1978 603-606.

Length of body 1250-1500 pm. Length of feretar-
sus without claw 105 um,

Heap without a rostrum. Mouthparts of the form
common in Acerentiius. Maxillary palp with a tuft
and 2 sensillag (Figure 89). Labial palp with a tufi,

3 setac, and a pointed sensilla (Figure 90). Czanal
of maxillary gland with a narrow calyx expanded
distally into a small excrescence; proximal part as
long as proximal branch of fulcrum, its ending
bipartite (Figure 91), Pseudoculus ionger than
broad, with a lever rescmbling a strong handle
(Figure 92} PR = 12.5-14.0.

Trorax, Foretarsus (Figures 87 and 88) with
all sensillac present; ¢7 club-shaped, the club some-
times very narrow; ¢3 long, awl-shaped; a reaching
d, but far from y, & and ¢ almost equal in length;
d cxtremely long, longer than ¢ or g, &' shaped as
a narrow sword; #' cxtremely long, reaching even
27, ¢' exceptionally long; empodium small, pointed
(EU = 0.15); BS = 0.5-0.6 (on one foreleg of holo-
type 0.9: in view of this aberration I have drawn
the foreleg of another specimen); TR = 3.7-4.0.

Chactolaxy of metanotum; M, a2, af; pl, pi-,
p2, p2’, p3, p4, pd', p5 (microchaeta).

ABDOMEN. Second and 3rd abdominal legs cach
with 3 setae — a long subapical, a smaller apico-
lateral, and a stili smaller median apical one (Fig-
ures 93 and 94).

Chaelotaxy of segments as in Table 8.

On terga II-V al, a2, and af present; ¢4 added
to these on terga VI and VII; p!* missing on terga
I-V1, present on tergum VII; p4' present on terga
II-VII; p3’ present on tergum VII, Abnormalites
found: an additional pc on tergum VI1I; only 4 setae
in hind row of sternum III. Siriale band on seg-
ment VIII well developed, with distinct striae ali-
ing out the entire space; comb VIII with about L0
fairly long teeth (Figure 93).

Squama genitalis of female with pointed acro-
styli (Figurc 96}.

Type data. Hoiotype female, New Zealand, Ker-
madec Islands, Raoul Island, Mount Moumoukai,
427 m, in litier beneath Rhopalostyiis chegsernanii,
23 January 1967, J.C., Watt (NZAC).

Material examined, Holotvpe, plus & non-type
examples {6 females, 1 maturus junier, 1 larva T
NZAC, ZMKD).

Kermadec 1s / — / NN,

Collected in January, June, November, and
December (pre-adult stages: larva I — November:
maturus junior — December).

Taken from soil under liverworts, moss, and
Hymenophyifum.

Figures 87-96. Acerentuius kermadecensis: 87, 88, forctarsus, exlerior and interior view; 89, maxillary paip; 90,
latial palp; 91, canal of maxillary gland; 92, pseudocutas; 93, 94, abdominal legs [ and 111, 95, tergal chaetotaxy of
abdominal scgment VI 96, squama genitalis of lemale (redrawn from Ramsay & Tuxen 1978). Scalc line: 40 pm

(87-93) 30 um (96).
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Table 8 Abdominal chactotaxy of Acerentufus kermadecensis

(B %11 IR VA
& 6 6
Tergum — — —
10 14 14
3 3 3
Sternum - - -
4 5 8
OFFSHORE
ISLANDS
Kermadecs [@]

Remarks. Only females of A. kermadecensis are
knoewn. The holotype is an abnormal specimen, and
the drawings of it in the original description came
out rather badly, so the drawings given here are
from another specimen. The apparent disiribution
within New Zealand is very curious (see Berber-
entuius nelsoni, p. 46).

This species is known only from New Zealand.

The name refers to the type locality.

Genus Australentulus Tuxen

Tuxen, 1967: 18. Type species Aceremtulus australiensis
Womersley, 1932, by original designation.

Acerentomidae with striate band developed, with
or without a hook-shaped design. Labial palp
reduced, with 2 sctac. Second and 3rd abdominal
legs each with 3 setae, as in Acerentitius. Sensilla
{1 on foretarsus claviform, ¢3 bud-shaped, §' pres-
ent. Sternum V1II without posterior setae.

Vi

VII VIl IX, X Xl Telson
8 6
—_ —_ 12 6 9
18 16
304
T Y
8 2

Australentulus sp. indet.

Only one specimen has been found of this genus,
which in Australia is common and represented by
many species; it is also known from the Malay Pen-
insula, India, and Madagascar. Unfortunately the
speeimen is in eedysis from larva I to larva 11, which
makes identification of setae and scnsillac impos-
sible. The striate band is visible, but whether com-
plete or not cannot be seen; possibly it has a hook-
shaped design. The three setac on the second ard
third abdominal Icgs are distinctly visible, as also
is the reduction of the labial palp.

The collection date are: KA, Qaro, in a large tree
hole, 12 November 1969, R. M. Emberson (LCNZ).

Genus Gracifentufus Tuxen

Tuxen 1963: 89. Type specics Acerentulus gracilis Berlese,
1908, by original designation.

Acerentomidac with striate band well developed,
with a regular grate of striae. Labial palp reduced,
with 3 setae. Second and 3rd abdominal legs each
with 2 setae, a long subapical seta and a delicate
median apical one. Sensilla 7 on foretarsus clavi-
form, ¢3 a small knob, b’ present or absent. Sier-
num VIII without posterior setae.

Gracilentulus gracifis (Berlese)
Figures 97-106

Berlese, 1908: 122 (Acerentudus). Tuxen, 1964: 296-267
{Gracitentutus).

Length of body (extended) 1000 pm. Length of
foretarsus without claw 77 pym.

Heap. Mouthparts of the acerentomid type.
Maxillary palp with a tuft and 2 pointed sensillae
(Figure 99). Labial palp with 3 setae and a fairly
short sensilla (Figure 100), Canal of maxillary gland
with an oval calyx, indistinct distal excrescences,
and a proximal part less than half as long as prox-
imal branch of fulcrum, broadening proximally
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Figures 97-106. Gracilentulus gracilis : 97, 98, [orelarsus, exterior and interior view; 99, maxillary palp; 100, labial
paip; 101, canal of maxillary gland; 102, pscudoculus; 103, 104, abdominal legs 1T and TIT;, 105, tergal chactotaxy of
abdominal segment VIII; 106, squama genitalis of female. Scale line: 40 pm (97, 98, 103-106); 26 pm (99-102).
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Table 9 Abdominal chaetotaxy of Gracilentulus gracifis

I ILIIT Iv-VI VII

6 8 8
Tecrgum — — —
0 14 14
3 3 3
Sternum - - -
4 5 8

et

{Figure L01). Pseudoculus broader than long (Fig-
ure 102y PR = 14,

THorAX. Foretarsus (Figures 97 and 98) with
all sensillac present and very long; ¢! claviform, the
club fairly narrow; ¢3 knob-shaped; a’ narrow
sword-shaped, reaching #'; @ and & reaching ¢, ¢
reaching 4; d reaching f, &, f, g, and ¢’ surpassing
base of claw; BS = 0,40, £/ = 0.20; TR = 3.2.

Chaetotaxy of metanolum: a2, a4, M, pl, pl’,
p2.p2', p3, p4. ps.

ABDOMEN. First abdominal leg with a terminal
vesicle and 4 setae; 2nd and 3rd legs without a ter-
minal vesicle, with a long subapical seta and a
median apical seta less than half as long as the
subapical one {Figures 103 and 104).

Chaetotaxy of segments as in Table 9.

Terga II-VII with ai, a2, a4, and a5 present; pl’
only on tergum VII; p4’ on terga [I-VIL {NOTE.

VIII IX X XI Telson
6
— 14 12 6 9
16
4 4 4 6 6

On some tergites the chaetotaxy is variable — the
anterior row of tergum VIl has a central seta {in
all thus 7 &) in 5 of the 7 New Zealand specimens,
and the posterior row of tergum VIIT has a central
seta (in all thus 15 p) in 2 of them, Such variability
is also known from other material of the species.
The chactotaxy of tergum IX is here given as 14;
it was given as 12 in Tuxen (1964}, and this error
was repeated by Nosek (1973). All the European
specimens in ZMKD, all adult specimens from
Madeira, and the only known specimen from Aus-
tralia (see below) have 14 setae on tergum IX; these
include a smaller and a larger pleural seta, although
the smaller one is missing in the maturus junior
stage.} Striate band well developed, with a distinct
grate. Comb VIII (thc opening of the big abdomi-
nal glands) straight, with % or 10 teeth (Figure 105).

Squama genitalis of female (Figure 106) with
pointed acrostyli and short basal arms.

Type data. Lectotype female, Ttaly, Toiana, Pisa
(Stazione di Entomologia Agraria, Firenze; see
Tuxen 1964, p. 297).

Material examined. Seven non-type females from
Little Barrier Island (NZAC, ZMKD).

CL (Little Barrier 1) / —.

Collected in Octaber.

Habitat details not recorded — “Pohutukawa Flat
foreshore™.

Remarks. Only females of G. gracifis are known
from the Southern Hemisphere, and males seem
altogether to be rare.

This species has also been recorded from Europe
except the northern part (Nosek 1973), Madeira
{Tuxen 1982), Morocco (Nosek 1973), South Africa
(Condé 1955), and Australia {the material cited by
Tuxen (1967) was an erroneous identification of
Berberentulus aestuarii Tuxen, but recently T have
seen one specimen, from Scouth Australia).

The name presumably refers to the slender body
shape.
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Genus Amphigntulus Tuxen

Tuxen, 1981: 137. Type species Berberentulus validus
Tuxen, 1967, by original designation.

Accrentlomidae with striate band reduced, without
any lrace of striae, but often with a hoock-shaped
design. Labial palp reduced, with 3 seiae. Second
and 3rd abdominal legs each with 2 setae, a long
subapical scta and a strong lateral apical onc. Sen-
silla ¢/ on foretarsus claviform, {3 jar-shaped, b’
present, b most often shorter than ¢. Sternum VIII
with or without posterior setae.

Amphientulus zelandicus new species
Figures 107-118

Length of body (extended) 950 pm; length of fore-
tarsus without claw 92 pm.

Heap. Maxillary palp with a tuft and 2 taper-
ing sensillae (Figure 109), Labial palp reduced, with
4 setae and a sausage-shaped sensilla (Figure 110).
Canal of maxillary gland with a heart-shaped calyx
and distal extensions (excrescences), proximal part
almost as leng as proximal branch of fulcrum,
proximally with 3 globulose dilatations (Figure 111,
holotype and several other specimens) or simply
bifid {Figurc 112; mosl specimens). Pseudoculus
almost circular, a little broader than long (Figure
113); PR = 15,

THorAX, Foretarsus (Figures 107 and 108) with
all sensillae present, most of them extremely long;
t1 claviform; ¢3 short jar-shaped; g surpassing 2,
b, ¢, and d reaching or surpassing £ f and g sur-
passing base of claw; a’ surpassing &'; ¢' reaching
base of claw; BS = 0.43; EU < 0.10; TR = 3.0,

Chaetotaxy of metanotum: a2, a4, M; pl, pl’,
p2, p2', p3, p4, ps.

ABDOMEN. First abdominal leg with a terminal
vesicle and 4 setae; 2nd and 3rd legs without a ter-
minal vesicle, but with a long subapical seta and a
fairly long apicolateral seta (Figures |14 and 115).

Chaetotaxy of scgments as in Table 10.

Terga II-TIV with g, a2, and a5 present; a4 added
to these on terga V and VI; ¢2, a4, and a5 on ter-
gum VII (and exceptionally & central, asymmetri-
cally placed seta); pl’ present on terga I-VII;, p4’
on terga II-VI1I.

Striate band reduced, but tergum with a distinct
hook-shaped design. Comb VIII oblique, with fairly
large teeth. Number of glands on segments VII and
VI ¢ + 9 dorsomedially, & + 6 laterally, 4 + 4
ventrally (Figure 116).

Squama genitalis of female (Figures 117 and 118)
with long, pointed acrostyli each bearing a small,
square, median tooth,

Type data. Holotype female, TO, Tokaanu, Te
Ponanga Bush, 27 January 1976, B. M. May
(NZAC).

Material examined. Holotype, plus some
hundreds of non-type examples representing all life
stages (LCNZ, NZAC, ZMKD).

TO, GB / NN, MB, BR.

Collected in January, March, April, and June-
November (pre-adult stages: maturi juniores —
April, July, September-November; larvae 1T —
Scptember, November (1 in ecdysis); larvae I and
prelarvae — November),

Highest recorded elevation 1070 m (Mount Rua-
pehu, TO),

Taken from litter and soil under moss, Podo-
carpaceae, Nothofagus, Metrosideros, Weinman-
nig, and many other plants, with no apparent
preferences; and in a nest of the ant Huberia striata.

Remarks, 4. zelandicus differs from most of the
species hitherto described in its genus in having
sensilla $ as long as ¢, a condition shared only by
ghangarae Tuxen from Australia and ruseki Nosek
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Figures 107-118. Amphieatuius zelondicys: 107, 108, forctarsus, cxterior and interior view; 109, maxillary palp:
113, labial palp; t11, 112, canal of maxillary gland (111, holotype). 113, pseudoculus; 114, 115, abdominal legs IT
and ITT; 116, tergal chaetotaxy of abdominal segment VI, 117, 118, squama genitalis of female, dorsal and lateral
view. Scale line: 40 pm (107, 108, 111-1]18);, 26 pm (109, 110).

Table 10 Abdominal chaetotaxy of Amphientufus zelandicus

I mur v vyl

Tergum —_ — — —

Sternum

from Madagascar. It differs from both these in the
presence of p!’ on all abdominal terga and in the
length of the maxillary gland canal.

This species is known only from New Zealand.

The genus is represented by several species in
Australia; it is recorded dubiously from Madagas-
car, and with still more doubt from Korea.

The name refers to the country of origin.

Tasmanentulus new genus

“aff. Gracifentufus” Tuxen, 1981: 131 and 138, Type spe-
cies Gracilentulus tasmanicus Tuxen, 1967,

{The name is derived from that of thc type species, in
accordance with the practice for many other acerentomid
genera; gender masculine.)

Acerentomidae with striate band reduced (the striae
may be seen more or less distinctly, but never as
a distinct grate — see below). Labial palp reduced,
with 4 setae and a sensilla. Second and 3rd
abdominal legs each with 2 sctae, the apical one
lateral and more than half as long as the subapical
onc. Scnsilla ¢7 on foretarsus claviform, ¢3 more or
less parallel-sided, &' present or absent. Sternum
VTIT with 2 posterior setae (occasionally only 1 in
maturus junior). Stylus in female genitalia fairly
clumsy; acrostylus small, pointed.

Remarks. In 1967 I described two species from
Australia, tasmanicus and simifis, under the genus
Gracilentulus, but with the notion that they dif-
fered from other species of this genus in having two
posterior selae on sternum VIII and a “striate band
reduced to some degree though the siriae are still
easily seen”. In my key to acerentomid genera

VII VI X X X1l Telsen
6 6

— — 14 12 6 9
16 15
3

(Tuxen 1981) I overlooked this reservation, and
ihough I indicated the striae in the bands with doi-
ted lines {figures 26 and 27, p. 133) I regarded the
hand as “complete” and arranged the two species
accordingly as “aff. Gracilenfulus Tx.” (p. 131, and
no. 21 in the key). The amplc material from New
Zealand shows that, even though the siriae are vis-
ible, a separation must be made between a distinct
cuticular grate and the weaker *striae” which in
reality are probably internal glandular canals {(sce
Tuxen 1981, p. 127). The difference is clearly
apparent in the scanning electron micrographs
(Figures 10 and 12) of an Amphientulus and a Gra-
citentulus. Regarded in this way the “genus™ aff.
Gracilentufus in my 1981 key must be removed to
no. 29 in the key, resembling Armphientufus but
distinguished by the two posterior sctae on ster-
num VIII. A hook-shaped design is present in the
striate band, as in probably all species of
Amphientulus.

The Australian species Tasmianentuius tasman-
icus (Tuxen) new combination and 7. similis (Tuxen)
new combination may be distinguished from the
New Zealand representative of the genus, described
below, by means of the following key.

01 Sensilla @' on foretarsus broad; pseud-
oculus broad (PR = 18) .. intermedius
— Sensilla a’ slender; pseudoculus oval
(PR = 14-16) L2

02(01) Canal of maxillary gland long, sen-
silla & between ¢ and t2; comb VILI
with 14 or 13 tecth ... lasmanicus
— Canal of maxillary gland short; sen-
silla & level with ¢2; comb VII with
9 or 10 teeth ... stmilis
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Tasmanentidus intermedius new species
Figures 119-129

Length of body {extended) 1100 um; length of fore-
tarsus without claw 105 pm.

Hean, Mouthparts of the common acerento-
moid typc. Maxillary palp with a tuft and 2 long,
pointed sensillac on penultimate segment (Figure
121}, Labial palp with 4 sctac and a sausage-like
sensilla (Figure 122). Canal of maxillary gland
varying in length and in shape of calyx (Figure 123,
holotype; Figurcs 124 and 125 at higher magnifi-
cation, showing 2 extremes). Pscudoculus broader
than long (Figure 126); PR = 18.

Taorax. Foretarsus (Figures 119 and 120} with
all sensillae present, and almost all very long; t1
claviform; t3 short, parallel-sided; b only half as
long as ¢; @' broader than other sensillae, surpass-
ing base of &'; BS = 0.5, EU = 0.10; TR = 3.0.

Chaetotaxy of metanotum: a2, af, M; pl, pI',
p2, p2', p3, p4, p5.

ABDOMEN. First abdominal leg with a terminal
vesicle and 4 setae; 2nd and 3rd legs without a ter-
minal vesicle, but with a long subapical seta and a
fairly long apicolateral seta (Figure 127).

Chactotaxy of segments as in Table 11.

Terga II-V with af, a2, and a3 present; g4 added
to these on tergum VI ac, a2, a4, and a5 on tergum
VIl (exceptionally af, a2, a4, and a5 or cven a2,
a4, and a3);, pI' present on terga I-VIL, p4° on terga
II-VIL

Striate band reduced. but tergite with a distinct
hook-shaped design. Comb VIII with 7-9 fairly
large teeth (Figure 128).

Squama genitalis of female (Figure 129 with
basal arms short; acrostyli broad, clumsy, ending
in a point and furnished with a tooth as in
Amphientulus, a double papilla beiween acrostyli.

Type data.
1432 m, in Chionochola pallens, 24 February 1974,
J.C. Watt (NZAQ),

Holotype female: CO, Old Man Range,

Material examined. Holotype, plus 50 non-type
cxamples (27 females, 14 males, 7 maturi juniores,
2 larvae II; NZAC, ZMKD).

— / NN, SD, MR, BR, CO, FD, SL.

Collected in January-April, July, Scptember, and
November {pre-adult stages: maturi juniores —
September; larvae 1T — March).

Highest rccorded elevation 1585 m (Gordons
Knob, NN).

Table 11 Abdominal chaetotaxy of Tasmanentulus intermedius

1 ILIIT V)V VI

6 6 6 8
Tergum — — — —

2 16 16 16

3 3 3 3
Sternum -

VII VI IX X XI Telson
7 6
— — 14 12 6 9
16 16
3 4
- - 4 4 6 6
8 2

Figures 119-129. Tasmanentulus intermedius : 119, 120, forctarsus, exterior and interior view; 121, maxillary palp;
122, labial palp; 123-123, canal of maxillary gland (123, holotype); 126, pscudoculus; 127, abdomunal leg III; 128,
tergal chaetotaxy of abdominal segment VIIT; 129, squama genitalis of fernale. Scale line: 40 pm (119, 120, 123, 126-

129), 26 pm (121, 122, 124, 125).
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Taken from soil and litter under Neorhofagus,
Metrosideros, Weinmannia, etc. at lower ecleva-
tions, bul above about 1000 m from swards with
Celmisia, Marsippospermum, and Schoenus, At
Mawhera (BR) taken tegether with Amphiensufus
zelandicus, but alonc farther south and at greater
heights, and hence more cold-tolerant than this
closely related species.

Remarks. The (rivial name refers 1o the system-
atic position of infermedius between fasmanicus and
similis,

Yinentulus new genus
Type species Yinentulus paedocephalus ncw specics.

{The name is given in honour of Profcssor Yin Wen-ying,
of Shanghai, for her remarkable ability to find unigue
Protura; gender masculine.)

Acerentomidae with striate band reduced. Labial
palp reduced, with 3 setae and a sensilla. Sccond
and 3rd abdominal legs each with 2 sctae, the api-
cal one lateral and shorier than the subapical one.
Sensilla ¢7 on foretarsus baculiform; sensilla b dis-
tal to ¢-d, extremely long. (NoOTE: Whether the
curicus shape of the head (sec belew) 1s a generic
character remains to be seen.}

Yinentulus paedocephalus new species
Figures 130-146

Length of body (extended) 840 pm; length of fore-
tarsus without claw 60 um.

Heap. Mouthparts of the common aceren-
tomid type. Maxillary palp with a tuft and 2 pointed
sensillae (Figure 132). Labial palp reduced, with 3
setae and a sausage-shaped sensilla (Figure 133).
Canal of maxillary gland with a heart-shaped calyx,
distal exlensions, and a proximal part (Figurc 134),
less than half as long as proximal branch of ful-
crum, Pseudoculus circular (Figure 135%: PR = 13.
(NoTe: The most remarkable feature is the shape
of the head, which in profile has a prominent
“front™ like the head of 2 young child, not the com-
mon slender shape of other acerentomids. Figure
136 shows the head of the holotype in profile; Fig-
ures 137 and 138 show the head of a maturus jun-
ior in dorsal and ventral view.)

THoORaX. Foretarsus (Figures 130 and 131) with
all sensillae present;, tf baculiform; f3 cxpanded
distally, almost baculiform; b distal 1o the line ¢-
d, extremely long; a4, e, and f very long; &' sworg-
shaped; ¢ long; KU = 1.1; BS = 0.5, 'R = 2.3,
Claw of 2nd and 3rd legs boat-shaped, with a long
empodium and tunica lobes (Figure 139).

Chactotaxy of metanotum: a2, a4, M, pl, pl’,
P2, p2' close 10 p3, p4, p5.

ABDOMEN, First abdominal leg (Figure 140}
with a terminal vesicle and 4 setag; 2nd and 3rd
legs with a long subapical seta and a shorter api-
colaleral one {Figure 141); exception — 3 setae on
2nd leg of holotype (Figure 142).

Chaetotaxy of segments as in Table 12.

Terga TI-VII with al, a2, and a5 present; a2, a4,
and a5 on tergum VII; pl’ absent.on terga I-VI,
present on tergum V1I; p4* present on terga 11-VIL

Striate band on tergum VIII reduced; comb VIII
with many very small teeth {Figure 145).

Table 12 Abdominal chaetotaxy of Yinenfulus paedocephalus

1 ILIT IV-VI

6 6 6
Tergum — — —
10 14 14

3 3 3

Sternum - - -
5 8

VI VIO IX,X XI Telson
6 6

— — i2 4 9
16 L5

3

Figures 130-146. Yineniulus paedocephalus 1 130, 131, forelarsus, exterior and inlerior view, 132, maxillary palp:
133, labial palp; 134, canal of maxillary gland; 133, pseudoculus; 136, head, holotype, lateral view; 137, 138, head,
maturus junior, dorsal and ventral view; 139, hindtarsus, 140-144, abdominal legs, holotype (140, leg I, 141, 142,
leg IT; 143, 144, leg LII); 145, tergal chaelotaxy of abdominal segment V1II; 146, squama genitalis of female, lateral
view. Scalc linc: 40 pm (130, 131, 136-143), 26 um (132-135, 146},
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Squama genitalis of female (Figure 146} with
pointed acrostyli. {NOTE: On all slides this strue-
ture is very difficult to understand, since all speci-
mens are oriented laterally in fairly thick mounts.
This is also the reason for severzl other doubtful
clements in the above description,)

Type data. Holotype female: MC, Craigicbum
Forest Park, north side of Mount Wall, ca 1200 m,
litter of Nethofagus solandri cliffortiodes, 21 May
1971, R.M, Emberson (NZAC).

Material examined. Holotype, plus 3 non-type
examples collected with it {2 females, | maiurus
junior; LCNZ, ZMKD}.

Remarks. The name refers to the shape of the
head, and is derived from the Greek pais, paidds
(child) and kephalé (head).

Genus Kenyentulus Tuxen

Tuxen, 1981: 1335, Type species Acerentuius Kenvanus
Condé, 1948, by original designation.

Acerentomidae with striate band reduced, the siriac
only very faintly visible in phase contrast. Labial
palp reduced, with 3 sctae. Maxillary gland with 2
or 3 dilatations proximal to calyx, cf. none in all
other acerentomid genera from New Zealand.
Second and 3rd abdominal legs cach with 2 selae,
a long subapical onc and a very delicate median
apical one. Sensilla t7 on foretarsus baculiform, ¢3
knob-shaped, »' present; sternum VIII without
posterior setae,

Kenyentulus kenyanus (Condé)
Figures 147-155

Conde, 1948: 749-731 {Acerentuius). Tuxen, 1964: 300-
301 (Gracilentuiusy, —1978b: 256-257 and key
(Gracilentufusy, -1981: 135 and 139 (Kenyentudus).

Length of body 770 um; length of foretarsus with-
out claw 52 pm.

Heap. Mouthparts of the common accren-
tomid type. Maxillary palp with a tuft and 2 thin.
peinted sensillae (Figure 149). Labial palp reduced,
with 3 seiae and a sausage-shaped sensilla (Figure
150). Canal of maxillary gland with an oval calyx
and 2 dilatations besides the proximal one (Figure
151). Pseudoculus circular; 4 setae in pseudocular
line, all between the pseudoculi {Figure 152), PR
= 15.

THoRaX. Foretarsus (Figures 147 and 148) with
all sensillae present; q, f, and ¢’ broader than the
others; g reaching »3; b extremcly short, hardly sur-
passing +2; @' sword-like; ¢ baculiform, the knob
slender but distinet; {3 knob-like; BS = 0.45; EU
= 0.15, TR = 3.3

Chaetotaxy of metanotum: a2, a4, M, pl, pl’,
p2, p2', p3. p4.

ARDOMEN. First abdominal leg with a terminal
vesicle and 4 setae; 2nd and 3rd legs (Figures 153
and 154} with a long subapical seta and a very small
median apical one,

Chaetotaxy of segments as in Table 13.

Terga [I-VI with @/, a2, and a5 present; a2, a4,
and a5 on tergum VTII; pl' present on terga [-VII,
pd' on terga 1I-VIL; p3’ on tergum VII only; ter-
gum IX with only {2 selae, not 14 as stated by
Tuxen (1964, p. 300).

Striate band reduced, with somc striac weakly
visible. Comb VI with 8 small teeth (Figure 155).

Squama genitalis of female not seen; in examples
from elsewhere it resembles that of Gracilentulus
gracilis.

Type data. Lectotype female: Kenya, Kisumu, 18
June 1947 (collection of Prof. B, Condé, Nancy,
France).

Material examined, Two non-type examples — 1
female, 1 maturus junior, AK, Lynfield, around
roots of Metrosideros excelsa, 6 May 1980, G, Kus-
chel (NZAC).

Remarks. K. kenpanus has also been recorded
from Kenva, the Seychelles, southern India (Ker-
ala), Brazil, Puerto Rico (Nosek 1978, with doubt,
becausc @” and »° on the interior side of the fore-
tarsus are shorter than stated by Tuxen {1964);
however, it is hardly justified to attach a specific
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Table 13 Abdominal chaetotaxy of Kenyentufus kenyanus
I ILIIT TV-VL VI

VIII IX.X XI Telson
] 6 6 6 6
Tergum — — — — — i2 6 9
12 16 i6 18 L5
3 3 3 3
Sternum - - - - 4 4 4 4 6
5 8 8

(155)

Figures 147-155. Kenyventufus kenyanus 1 147, 148, foretarsus, exierior and interior view; 149, maxillary palp; 150,
labial palp; 151, canal of maxillary gland; 152, pseudoculus; 153, 154, abdominal legs IT and I1I; 153, tergal chactotaxy
of abdominal segment VIIL Scale line: 40 um (153-135), 26 pm (147-152}.
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value to this character), and Bermuda (ZMKD;
unpublished record). The distribution may be called
pantropical, north and south of the equator.

The name clearly refers to the country of origin,

Genus Berberentufus Tuxen

Tuxen, 1963: 89, Type species Adcerentulus berberus Condé,
1948, by onginal designation.

Accrentomidae with striate band reduced, the weak
striac visible only in phase contrast, Labial palp
reduced, with 2 or 3 sctac. Sccond and 3rd abdomi-
nal legs with 2 setae, a long subapical onc and a
delicate median apical one. Sensilla ¢/ on foretar-
sus claviform, &' present or absent. Sternum VIII
without posterior setae.

Berberentulus nelsoni Tuxen
Figure 156-163

Tuxen, 1976: 427-428.
Berberentulus sp. (aff. nefsoni Tuxen) Ramsay & Tuxen,
1978: 601-603.

Length of body (extended) 1200 pm; length of fore-
tarsus without claw 81 um.

HesDp. Mouthparts of the common aceren-
tomid type. Maxillary palp with a tuft and 2 very
long. pointed sensillac (Figure 158). Tabial palp
reduced, with 3 setae and a sausage-shaped sensilla
(Figure 159). Canal of maxillary gland with a heart-
shaped calyx and a proximal part less than half as
long as proximal branch of fulcrum (Figure 160).
Pseudoculus circular (Figure 161); PR = 10,

THorax. Forctarsus (Figures 156 and [57) with
all sensillae present except A’ on interior side; t1
claviform; ¢3 clumsy; b very long (rcaching f), broad;
¢, d, e, and f slender, very long;, g fairly short,
exceplionally broad; f'closer to ¢ than to g; @' fairly
long, sword-shaped; ¢’ long, reaching base of claw;
b missing; BS = 0.5; EU = 0.1; TR = 3.6,

Chaetotlaxy of metanotum: a2, a4, M, pi, pl’,
P2, p2', p3, p4, pi.

ABDOMEN. First abdominal leg with a terminal
vesicle and 4 setae; 2nd and 3rd legs each with a
long subapical seta and a short medial, apical setla
(Figure 162).

Chactotaxy of segments as in Table 14.

Terga II-V with g/, a2, and a5 present; a4 added
to these on tergum VI, ¢2, a4, and a5 on tergum
VII; p!' present on terga [-VII, p4' on terga II-
VI

Striate band reduced, with no trace of striae.
Comb VIII with 5 long, widely spaced teeth {Fig-
ures 163 and 164).

Squama genitalis of female (Figure 163) with
short basal arms and acutely pointed acrostyli,

Type data. Holotype female, Brazil, S50 Paulo,
Campinas, Fazenda Sania Genebra, March 1971,
A. Pires Prado (Museo Zoologico, Sdo Paulo).

Table 14 Abdominal chaetotaxy of Berberentulus nelsoni

I ILIIT IV,V VI

6 6 6 8
Tergum — — — —

2 16 16 16

3 3 3 3
Sternum -

VII  VIHI IX X X1 Telson
6 6
— — 14 12 6 9
16 L&
3
- 4 4 4 6 6
8



Figures 156-165. Berberentufus nefsoni © 156, 157, foretarsus, exterior and interior view, 158, maxillary palp; 159,
labial palp; 160, canal of maxillary gland: 161, pseudoculus; 162, abdominal leg [1; 163, tergal chaelolaxy of abdominal
segment VIIT: 164, comb VIII; 163, squama genitalis of female. Scale line: 40 pm (156, 157, 162-163); 26 pm (1 58—
161).
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Material examined, Six non-type females (NZAC,
ZMKD).

Kermadec Is / — / NN,

Collected in January, May-June, November, and
December,

Tzken from litter beneath Rhopalostylus cheese-
manii, other mixed leaf litter, and in moss caps on
pumice rocks.

Remarks. The first specimen of B. nelsoni cxam-
ined from Kermadec Islands material (Ramsay &
Tuxen 1978) was withont forelegs, and thus un-
identifiable; it was only the curious shape of comb
VIII which led to a correct, if tentative, identifi-
cation. It is remarkable that the specics has been
found together with dcerentulus kermadecensis {and
no other) both on Raoul Island and in Pigeon Val-
ley, Nelson.

This species has also been recorded from south-
ern Brazi! {Sio Paulo and Rio Grande do Sul).

The name was given in honour of Dr Nelson
Papavero, of 8o Paulo.
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TAXONOMIC INDEX

This index covers all the nominal taxa of Protura
fand other groups of Arthropoda) mentioned in the
text, regardless of itheir current status in laxonomy.
Page numbers in bold type indicate the start of a
major descriptive section. Those in italics indicate
llustrations of the species concerned. The sufix “k™
alludes to the page on which taxa are keyed out.

ACERENTOMIDAE 12, 15k, 32
ACERENTOMOIDEA 9, 12 13k, 29
Acerenfomon 13
Acerentulus 32
acracia, Proteniomon 32
Proturentormon 32
aestuarti, Berberentulus 37
Amphientulus 9, 37, 39, 40
Antelientomon 16
ARCHAEOGNATHA 7
Austratentulus 8, 15k, 34
atstralicim, Eosentomon 9, 25
ausiraliensis, Acerentulus 34

Berberentulus 46
berberus, Acerentulus 46
Brasilentulus 7

COLLEMBOLA 7,9
confine, Acerentomon 32

dawsoni, Eosentomon 6, 9, 15k, 16, 17
DIPLURA 7
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EQSENTOMOIDEA 7,9, 12, 15k, 16
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gnagnarae, Amphieniulus 39
gractle, Eosentomon 9, 15k, 27, 28
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Gracilentufus 8, 9, 15k, 34, 35, 46
Gracifeniufis 34, 39
guineense, Acerentomon 6

intermedius, Tasmanentulus 9, 15k, 39k, 40, 4!/

kenvanus, Acerentufus 44

Gracilentulus 44

Kenyentulus 8, 15k, 44, 45
Kenyentulus 44
kermadecensis, Acerentufus 9, 15k, 32, 33, 48
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macronyx, Eosentomon 9, 15k, 20, 21

maximum, Eosentomon 9, 15k, 28, 26

minmimum, Acerentomon 29, 30
Proturentomon 8, 13k, 30, 3i

MYRIAPODA 7

MYRIENTOMATA 7
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PROTENTOMIDAE 13k, 29
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AK - Auckiand

BP — Bay of Plenty
CL - Coromandel
GB - Gisborne

HB - Hawke's Bay
ND - Northland

Rl — Rangitikei
TK - Taranaki
TO - Taupo

WA — Wairarapa
Wl - Wanganui
WHN - Wellington
WQ - Waikato

BR - Buller

CO - Central Otago
DN - Dunedin

FD - Fiordland

KA - Kaikours

MB — Marlborough

MC - Mid Canterbury

MK - Mackeanzie

NC - North Canterbury
NN ~ Nelson

OL - Otago Lakes

SC - South Canterbury
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SL - Southland

WD - Westland

St — Stewart Island

" Area codes and boundaries proposed by Crosby et al. (1976)
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